A class of coherent states de6ned in terms of the excitation and deexcitation of pairs of photons is studied with reference to its nonclassical and other quantum-statistical properties. These states supplement the other well-known two-mode states such as Caves-Schumaker states and pair cohereat states and can be produced by dissipative processes involving emission and absorption of photons in pairs. PACS number(s): 42.50.Dv, 03.65.Fd
I. INTRODUCTION
In nonlinear optics one deals very often with processes where photons are either created or destroyed in pairs. Such processes can generally be described by (4) where a and b are the annihilation operators for the two modes. It is therefore natural to consider states produced by this 8
The commutator (4) implies that for arbitrary states the variances EK"EK2 in the two quadratures K"Kz obey the inequality /@) =exp[i(gab+/*a b )]/a, P), ( hK, )(hK, ))-, '~&K, &~. (5) where~a , P) is the coherent state associated with the two modes. These states have been extensively studied [1] [2] [3] [4] and lead to a number of nonclassical properties of the underling fields. There is, however, another class of nonclassical states, called pair coherent states [5, 6] , equally important in problems involving pairs of photons. These are de6ned to be the eigenstates of the pair destruction operator ab subject to the condition that a a btb isconserved. Dissipative nonlinear optical processes give rise to pair coherent states [7] . The connection between (2) and pair coherent states is discussed in Refs. [8, 9] .
Note that the importance of the states associated with the annihilation operator [10] a and the linear combination of a and a is well known [3, 11] . Both arequite useful. Itis thus natural to ask, What are the eigenstates of the operator that is a linear combination [11 -13] of annihilation and creation operators for pairs of photonsT Thus in this paper we examine the solutions of the eigenvalue problem In view of (5) the SU(1, 1) squeezing is defined by [14] (6) We consider a class of states~t/r ) for which the equality in in (5) holds, i.e. , (7) The pair coherent states [5] correspond to the special case of the condition (7), given by (8) i.e. , pair coherent states are the minimum-uncertainty states with equal uncertainties in the two quadratures of X . From general consideration of the equality sign in (7) it follows that~ltd) should satisfy the eigenvalue problem (pab+va b )~f) =g~f) ( defined by (13) will be
, f it(a, P)la, P&d'ad'P,
In order to compute (14) it is useful to use the unnormal- We consider the behavior of the quasiprobability distribution Q(a, P) defined by so that the required solutions g(a, p) are given by 1((a,P) =exp( --, ' la I --, ' IPI )P*(a,P) . (17) i.e. , Q(a, P) = e -~~~' -~~~' Iy(aP) I' 2 (27) a2 abla, p&=apla, p&, a'b'la, p&=~~la, p&
We project (11) on la, p) to get g*&yla, P&=&culpa'b'+vabla, P& .
Using (18) in (19), we get (18) The eigenvalue problem can be converted into a differential equation by using the relations [10] which on using (24) reduces to
BaB (20) The relation (28) is valid up to a normalization constant that can be fixed by
In the coherent state representation the conservation law (12) becomes f f Q(a, P)d ad P=1 .
a P(a, P) -P P(a, P) =0 .
Equation (21) implies that P(a, P) must be a function of the product aP, i.e. ,
A. Photon pair excitation-deexcitation vacuum /=0 However, the conservation law (12) suggests that C"=O unless n =m, i.e. , C"=C"5".Thus we rewrite (44) as Equation (34) has solutions [17] given by ll(&= pc"ln, n &, On substituting (36) in (13) and on integration we retrieve the pair coherent state solutions [5] given by The parameters p, v, and g are to be such that the series converges. For g'=0 and C& =0 this leads to lf&pcs=& X " t Using (39) in (24) and using the relation [18] &F, (a, a, z) =e' On using (41) and (13) and on simplifications we get We next consider a special class of eigensolutions corresponding to (39) A. Photon statistics Photon-number distributions I'"= I C"(g,v) I are plotted in Fig. 1 for a range of g values. For a given g, they display oscillatory behavior similar to that reported earlier in the literature [19] . Photon-number distributions are sensitive to the phase of the field. The average photon number is clearly seen to be a phase-dependent quantity. In Fig. 2 we plot the average photon number as a function of g and v for 8=0. The average photon number for the vacuum state is also plotted in Fig. 2 (inset) and is seen to saturate with increasing v. 
We next consider SU(1,1) squeezing defined by (6 
It was discussed in Ref. [5] that the violations of (57) It is believed that the present study exhausts the possible coherent states associated with two-mode systems.
These states should be of interest in problems that involve both creation and annihilation of photons in pairs.
